We used multivariate kinematics and joint torque measurements during dynamic posturography to determine the relative contributions of changes in overall control gain, relative weighting of sensors, and noise-like effects on posture control in the elderly. Our results show that sway coordination and amplitude both change with age, but that changes in overall feedback gains do not explain these differences. We propose that increased sway of elderly subjects in platform sway-referenced conditions is due to sensory noise or decreased ability to detect small motions of the platform, while increased sway during visual sway-referencing is due to re-weighting of the various sensors.
Introduction
Adequate postural control depends on the spatial and temporal integration of vestibular, visual, and somatosensory information about the motion of the head and body, and the generation of appropriate responses to that motion. The increased incidence of falls in the older population suggests that one or more of these components degenerate with age. Diminished visual, vestibular, and somatosensory function and slowing of sensorimotor processing all occur with normal aging, and older people are also at higher risk for many diseases affecting the peripheral and central nervous system (CNS) [1] . The ability to weight and select sensory references adaptively may determine whether an elderly individual can compensate for mild pathologies and retain good postural control despite advanced age, or whether that individual will show significant disequilibrium [2] . Little is known, however, about which of these many factors are responsible when there is disequilibrium.
In addition to decreases in muscle strength and slower neural processing, there are a number of sensory changes that may contribute to unsteadiness in the elderly. These include age-related decreases in the number of hair cells in both the canals and the otolith organs, and in the number of nerve fibers in the vestibular nerve, eventually resulting in reduced vestibular excitability [3] [4] [5] . Elderly also show a significant decrease in the sensitivity of vision to low frequency spatial motion [6] , as well as decreases in both cutaneous vibratory and joint sensations [7, 8] . Richardson et al. [9] estimate that one in five elderly has evidence of peripheral neuropathy. These and other proprioceptive losses increase the threshold to movement detection and decrease precision in reproducing or matching joint angles [10, 11] .
These physiological changes appear to result in poorer postural control, although the relationship is unclear. Dynamic posturography has been used to demonstrate poorer postural control as quantified by one or more measures [12 -18] . Peterka and Black [13] found that although the number of falls increased among older subjects as compared to younger subjects, the peak-to-peak sway amplitude of the elderly who did not fall, did not increase relative to the young. Wolfson et al. [15] studied a large normal older population using the EquiTest dynamic posturography platform (NeuroCom International, Clackamas, OR). The older subjects demonstrated significantly greater sway than did younger subjects on five of the six sensory test conditions, and the magnitude of difference between young and old increased progressively with increasing difficulty of the test conditions. Results from Cohen et al. [18] suggest that young adults typically combine postural strategies to maintain their balance, using both active ankle and hip flexion. The more variable outcome measures for the older subjects suggest that older adults may use a wider range of strategies, which could be further examined, with the use of kinematics. Clinically, the standard EquiTest calculations of Equilibrium Quotient and Strategy Score may be used to indicate the amount of postural unsteadiness and the amount of hip motion relative to ankle motion, respectively. Results of these measures have previously been reported for the majority of subjects included in this present investigation [19] .
To better understand the link between physiological changes and postural behavior, we propose a control systems perspective, in which physiological factors are studied for both systematic and stochastic effects on control (Fig. 1) . Systematic factors refer to long-term, sustained changes in the overall feedback gain, which is the amount of torque produced by the muscles in response to perturbations to the body. This gain is itself determined by the gains of peripheral components such as sensors, muscles, and peripheral nerves, and central components such as CNS sensory processing and feedback control. A chronic and deterministic change in any of these components, such as decreased muscle strength or increased stiffness, could systematically affect the overall feedback gain and have an adverse effect on postural stability. Stochastic factors refer to changes that are difficult to represent deterministically and are better modeled as noise-like influences that affect the randomness of sway. These factors may also arise both peripherally, as with decreased proprioceptive precision, or centrally, as with some cases of tremor. In fact, many physiological factors, such as reduced vestibular excitability, might be expected to have both systematic and stochastic effects.
This approach is helpful for determining what types of physiological factors are most difficult for which to compensate. We expect that many systematic changes can potentially be compensated for by appropriate adjustments to CNS feedback control gain. For example, if there is a systematic decrease in the gain of a peripheral sensor, the overall feedback gain can be restored to its nominal value by increasing the CNS response by a proportionate amount. Stochastic factors should, however, be more difficult to counteract. Filtering can reduce the effects of noise in a sensory signal. When there are multiple sensors, it may be possible to reweight central gains so that there is less reliance on the noisier sensors while maintaining the same overall feedback gains. Although these strategies can help mitigate the effects of noise, there is ultimately no way to replace the information lost, and postural performance can never be fully restored to the nominal level. This may explain why elderly maintain similar visualvestibular response gains [20] , despite reductions in vestibular excitability, and yet suffer from increased postural sway. Re-weighting also becomes problematic when multiple sensors deteriorate. Vestibular dysfunction that has minor effects on a young adult can produce overt symptoms in an older adult when there is a concomitant decline in vision, proprioception, and/or Fig. 1 . Feedback control diagram for posture. The CNS is responsible for processing sensory information and producing appropriate posture control commands to the muscles. Motor commands and external disturbances result in overall body motion, which is detected by multiple sensors and fed back to the CNS. Decreases in muscle strength or sensory gains can potentially be countered by appropriate changes in CNS gain, so that the overall feedback response (torque T as a function of motion q) remains within the range required for stability. However, loss of sensory precision, modeled as sensor noise, will result in greater sway regardless of such compensation. Moreover, the multiplicity of sensors makes it possible to re-weight sensory inputs in response to loss of precision, without affecting overall feedback response. Note that sensory processing and posture control is shown separately for conceptual reasons, and that there need not be an anatomical or physiological separation in the CNS. neuromuscular function, as reviewed by Sloane et al. [21, 22] .
In the present study we seek to determine whether postural unsteadiness in the elderly is the result of altered overall feedback gains, or whether the CNS compensates for both systematic and stochastic factors as well as possible yet performance is limited by the presence of noise. Because both factors can lead to increased unsteadiness and altered postural coordination, we used estimates of overall feedback gains in our assessment. If the elderly do not properly compensate for systematic factors such as muscle strength or sensory gains, we would expect to find differences in overall feedback gains between young and elderly. If the elderly compensate for systematic factors, we would expect to find similar overall feedback gains between young and elderly, and increases in unsteadiness would largely be due to noise-like effects that cannot be corrected for. This compensation may be accompanied by re-weighting of sensory gains, which would be accompanied by differences in sway coordination under altered sensory conditions, despite maintenance of unchanged overall feedback gains.
The purpose of our investigation was to use multivariate kinematic and joint torque measurements to determine the relative contributions of changes in overall feedback gain, noise-like effects and relative weighting of sensors to posture control in the elderly. We added kinematic measurements to the Sensory Organization Test (SOT) protocol of dynamic posturography, which made it possible to calculate joint torques and to estimate overall control gains. The SOT evaluates utilization of visual, vestibular, and proprioceptive sensors by manipulating the accuracy of visual and/or somatosensory inputs during quiet stance. This combination of measurements and sensory conditions provides information not available using center-of-pressure measurements alone. Performance under altered sensory conditions indicates whether there are changes in relative sensory weighting compared to young adults. We used multivariate statistical tests, in which multiple variables are compared simultaneously, to show that sway amplitude and coordination both change with age, but that changes in overall feedback gains do not fully explain these differences. There are significant changes in relative weighting of visual, vestibular and somatosensory information associated with healthy aging that may be associated with peripheral noise-like effects that affect perception of spatial orientation.
Methods

Sensory Organization Test
In the SOT, subjects are asked to stand quietly on a Altered sensory conditions of the SOT (EquiTest, NeuroCom Intl., Clackamas, Oregon). For sway-referenced conditions, movement of the support platform and/or visual surround is controlled to follow postural sway of the subject, thus rending proprioceptive or visual input inaccurate.
computer-controlled movable platform under six sensory conditions that alter the available visual and proprioceptive information ( Table 1 ). The support platform rotates about the axis of the ankles and is synchronized with sagittal plane sway of the subject. By maintaining the ankle joint at an approximately fixed angle, proprioceptive input to the foot and leg is reduced and made inaccurate in this 'platform sway-referenced' condition. The visual surround can similarly be servo-controlled to render visual input inaccurate as an orientation reference, for 'visual sway-referencing'.
Modification with shank and hip angle measurements
The standard EquiTest balance platform was modified with the addition of optical encoders and sway bars to measure kinematics of hip and upper trunk motion in the sagittal plane (Fig. 2) . Each angle was defined with zero corresponding to the upright position, with positive sign denoting flexion. The shank angle was defined relative to the earth-fixed vertical and is equivalent to the ankle angle when the platform is earth-fixed, and the hip angle was calculated from the relative positions of the shoulder and hip. Other joints such as the knee and neck also move during quiet standing, but we assumed that their contributions were small [23] . Modifications in the EquiTest software were made to allow for sway-referencing of the visual surround and floor support according to the shank angle as measured by the encoders rather than by the standard EquiTest center of mass (COM) calculation [19] . Center of pressure (COP) location was calculated from force transducers within the platform. Data were sampled at 50 Hz and filtered with a digital, 3rd order, bandpass Butterworth filter with cutoffs at 0.5 and 3.5 Hz. The high cutoff was employed to filter out nonphysiologic noise and the low cutoff was used to detrend the data and to ensure that summary values were calculated on at least 10 cycles of the lowest frequency component remaining in the data, which improves repeatability of the measures employed. We assume that sensory noise acts across the frequency spectrum, including the band of frequencies considered here.
Subjects and data collection
Data from 43 normal subjects in the age groups of 20 -29 years (n = 20) and 60-79 years (n = 23) were included in our analysis. All subjects completed the informed consent process and were from a putatively normal population recruited from the community in Ann Arbor, Michigan. Subjects were excluded if they reported a history of significant head trauma, otologic or neurologic disease, visual impairments not correctable with lenses, limb or spinal fracture, or persistent symptoms of vertigo, light-headedness, or unsteadiness. Four subjects (one young, three elderly) were excluded from our analysis post hoc, because they were diagnosed as clinically abnormal based on Vestibular Testing Center protocol. Patients with such diagnosis would be typically referred to a neurologist or otolaryngologist for treatment.
In the test protocol, subjects stood on the force platform without shoes, facing the visual surround. A safety harness was used to prevent falls. The subjects were asked to stand quietly for 20 s per trial, with one trial of each of SOT conditions 1 and 2 and three trials each of conditions 3 through 6 presented. Subjects were asked to stand as still as possible under all conditions and a trial was stopped by the operator when subjects exceeded their limits of stability and took a step, opened their eyes (if the condition required eyes closed), or touched the visual surround with their hands in order to maintain upright stance.
Co6ariance measures
We used covariances to describe sway and joint coordination during the SOT conditions. The covariance matrix is a multivariate generalization of the scalar variance or square of root-mean-square (RMS), and includes as entries the individual variance for each joint, as well as measures of how the joints covary. We plotted the covariance of hip and shank angles with an ellipse corresponding to 1-| of covariance (Fig. 3) . The absolute shank angle, rather than the relative ankle angle, was used because the shank angle is more relevant to stability of the body in inertial space, even though the ankle angle is what is sensed proprioceptively. In the control systems paradigm, the orientation of the shank (and other limbs) is estimated not only from the ankle joint but also from a combination of all sensors. A quantitative description of shank and hip motion may be obtained by computing the eigenvalues and eigenvectors of the covariance matrix. The eigenvalues, u 1 and u 2 , describe the (squared) lengths of the major and minor axes, respectively, while the angle h of the ellipse's major axis with respect to the horizontal describes their orientation. The covariance matrix was also used to estimate the variance of COM sway in the sagittal plane, as described by Kuo et al. [24] .
The extent of the covariance ellipse along the horizontal and vertical axes is proportional to RMS motion about a single joint. The overall size of the ellipse summarizes the amount of overall motion, and the relative orientation of the ellipse is an indication of the degree to which motions of the hips and ankles are correlated. Biomechanical constraints act such that the long axis of the ellipse (u 1 ) represents the amount of hip strategy utilized by the subject, while the minor axis of the ellipse (u 2 ) is an approximate indicator of the amount of COM sway [24, 25] . In a multivariate model of sensory integration, altered sensory conditions should result in systematic changes in covariance of a more complex nature than simply a change in size. If sway changes in a multivariate way, the covariance u 2 , h) . Length of the ellipse along either coordinate axis is proportional to RMS motion about either the hip or ankle joint. The overall size of the ellipse summarizes the amount of overall motion. The major axis of the ellipse, described by u 1 , represents a combination of opposing ankle and hip motion similar to a hip strategy. The minor axis of the ellipse, described by u 2 , represents a combination of movement dominated more by the ankle. The orientation of the ellipse, described by h, indicates the degree to which motion of the joints is correlated (described by Kuo et al. [24] ). ellipse should exhibit changes involving some combination of size, shape, and orientation. A univariate measure such as COP or COM variance might not detect these changes, instead merely indicating whether postural sway was greater or lesser under each sensory condition.
Joint torques and postural control gains
We computed summary measures of control gains in order to differentiate between possible contributing causes of changes in interjoint coordination. If increase in sway about a joint were due to sensor noise as opposed to inappropriate re-weighting of sensors, or a failure to adjust overall feedback gain, then joint torques would change in proportion to the increased sway. Control gains for the older subjects would be expected to remain comparable to those for the young subjects. Hip and ankle joint torques were computed from joint kinematics using a least squares estimation approach to inverse dynamics in order to reduce the effects of measurement noise [26] . The amount of joint torque relative to the amount of joint motion was used as an indirect indicator of the gain of the postural control system. Gain indicators were computed using a multiple regression of each of hip and ankle torque against the shank and hip ankle angles and angular velocities (q shank , q hip , q: shank , and q: hip ). An additional univariate indicator, COP/COM, was calculated from the corresponding measures.
Statistical methods
Multivariate analysis of variance (MANOVA) was performed on the eigenvector parameters (u 1 , u 2 , and h) to test whether the proposed measures were able to detect significant changes in both overall sway and in ankle-hip coordination. Other statistical tests included paired t-tests based on RMS values of COP and COM, as well as on the control gains. In each test, the null hypothesis was for no significant differences between the young and elderly group means across any of the six SOT conditions. Discriminant analysis was performed to determine which multivariate measures were most responsible for any detected differences. Discriminant proportions describe the degree to which a particular discriminant contributes to the overall difference between groups. Discriminant vectors are interpreted as the axes of a coordinate system in measurement space which best reveals group separation. If the proportion for any one discriminant function is nearly 1, most of the changes in sway can be summarized using a single parameter; hence a univariate measure. similar to examining only COM sway, changes in sway during all but SOT condition 5 were described by additional parameters. These conditions showed a change in interjoint coordination of sway, which was revealed only by multivariate analysis (having significant proportions along one or more of u 1 , u 2 , and h). For example, changes in sway in SOT with visual sway-referencing (conditions 3 and 6) were mostly described by a combination of all three parameters. In contrast, changes in sway during the other conditions were mostly described in terms of u 2 . This suggests a differing effect of visual sway-referencing on coordination of the ankles and hips for older subjects.
For example, discriminant vectors for SOT condition 6 have proportions 47% for u 2 , 20% for h, and 33% for u 1 (hip strategy), meaning that slightly less than half of the differences with aging could be captured by a single linear combination of the measurement variables. The remaining differences require at least one additional measurement and are thus beyond the capability of univariate measures to detect them. For SOT conditions 1, 2, 4, and 5, u 2 had the largest discriminant. For SOT 3, though a non-significant change in sway was noted between the younger and older subject groups, the discriminant component associated with h accounted for the majority of the differences (73%).
Joint torque responses to mo6ement increased with age only for 6isual sway-referencing
Several indirect indicators of the gain of the postural response were computed for both age groups (Fig. 6 ). There was no significant increase in any of the four gains under all SOT conditions except condition 3, visual sway-referencing. For that condition, joint torque responses to shank or hip motion increased with age: T ank /q shank , T ank /q hip , and T hip /q hip increased by 9, 18 and 6%, respectively (PB0.03; the overall type I error rate for all three significant differences was P= 0.04). A univariate indicator of postural gain, COP/ COM, also increased for the older age group for SOT condition 3 (P= 0.01, with increase of 13%), but not for any other conditions (SOT 1, 2, 4-6).
Discussion
We observed multivariate age-related changes in posture control, as shown by the covariance ellipses having increases along different dimensions (Fig. 4) . This indicates not only a change in the amount of sway, but a change in joint coordination as well. SOT conditions with normal or absent vision (conditions 1, 2, 4 and 5) had the largest difference between the young and elderly subjects in the second descriptor, u 2 (Fig. 5) . SOT conditions with a sway-referenced visual surround (con-
Results
Sway was significantly increased with a noticeable change in interjoint coordination
Univariate (COP, COM) results indicated a significant increase in sway (P B0.05) for the elderly subjects as compared to the younger subjects for SOT conditions 1, 2, 4, 5, and 6 for both COP and COM (Table  2) . Similarly, significant increases in RMS of shank and hip angles (P B 0.05) were observed for conditions 2, 4, 5, and 6 (Table 3 ). In addition, multivariate (u 1 , u 2 , and h) results indicated significant changes in sway and kinematic coordination (P B0.05) with aging for SOT conditions 2, 4, 5, and 6 (Fig. 4) .
As shown by discriminant analysis, the relative contribution of each of the multivariate measures, u 1 , u 2 , and h, to the overall separation of the two age group data sets, varied in proportion among the six SOT conditions (Fig. 5) . While the descriptor u 2 is most Table 3 Kinematics of sway (mean RMS 9 1 SD) Mean RMS of kinematic angles q shank and q hip during the SOT for both young and old subjects. The overall type I error rate for all significant differences in this table was P= 0.077. * PB0.05 for paired t-test comparison of young (n= 20) and old (n = 23). Fig. 4 . Covariance ellipses of hip and shank kinematics, where each ellipse represents the mean covariances of shank and hip angles across each subject group (n = 20 young; n=23 elderly). Using the multivariate descriptors, u 1 , u 2 , and h, we found significant changes in both postural sway and joint coordination with age for conditions 2, 4, 5, and 6 of the SOT (PB 0.05; the overall type I error rate for these four significant differences was P = 0.097). ditions 3 and 6) had a significant contribution from the other descriptors (h and u 1 ), indicating that an inaccurate visual environment affected other aspects of coordination in the elderly. For all of the sensory conditions except SOT 5, a single univariate measure would not be sufficient to describe these changes in sway with aging because two or more of the multivariate descriptors had a substantial contribution to the overall difference between the young and elderly subject groups.
These differences in sway amplitude and coordination cannot be accounted for by changes in overall feedback gain, which was increased significantly only in SOT condition 3. If sensory gains were decreased in the elderly, it would appear that the CNS compensates by increasing the control gain so as to preserve an appropriate overall response to perceived motion. Similarly, possible decreases in muscle strength, or changes in stiffness or other biomechanical parameters appear to be countered by appropriate changes in CNS gains. In fact, our results indicate that the mean ankle control gains were generally (if not always significantly) higher for the elderly than the young subjects, suggesting that the older subjects were able to generate sufficient ankle torque in our test of quiet standing. This agrees with Bergin et al. [29] who suggested that a lack of proprioception, rather than weakness, cause older subjects to be unsteady. Additionally, Hughes et al. [30] found that subject with impaired ankle range of motion did not perform differently on measures of postural sway than those with unimpaired ankle dorsiflexion.
Because overall feedback gains were relatively unchanged, increases in sway amplitude are likely to be associated with sensor noise or decreased ability to detect small motions of the platform. Even if CNS gains increase to compensate for decreased sensor gain, the decreased sensory signal-to-noise ratio will result in more sway. This is most evident in the responses to platform sway-referencing (SOT conditions [4] [5] [6] , where the amount of sway more than doubled (Fig. 4) even though there were no significant changes in overall feedback gain (Fig. 6) . Another possible source of noise is in the motor output, due to loss of efferents. Together, loss of precision in both motor and sensory areas could contribute substantially to increased sway in the elderly.
The changes in sway coordination with visual swayreferencing (SOT conditions 3 and 6) appear to be due to sensory re-weighting rather than noise. We would expect noise-like effects to be relatively independent of the external sensory environment. The fact that elderly exhibited different coordination than young with visual sway-referencing, points instead at increased dependence on visual inputs as has been reported by others [1, 27, 28] . Manchester et al. [12] noted that body sway was greater when subjects' eyes were open in the dark than when their eyes were closed. When the eyes are closed, no expectation exists as to the relationship between body sway and vision. When the eyes are open with visual feedback of sway minimized, an inappropriate dependency upon the remaining visual feedback may occur. This re-weighting need not affect overall feedback gain, because of the multiplicity of sensors that can be used to estimate body orientation in space. In fact, overall feedback gain changed significantly only for condition 3, but not for condition 6. We propose that the increased sway of elderly subjects in the platform sway-referenced conditions is due to sensor noise or decreased ability to detect small motions of the platform, while the increased sway during visual sway-referencing is due to re-weighting of the various sensors. It has been suggested that proprioceptive input is the most important for maintenance of balance and that visual input cannot fully compensate for an impairment in proprioception [2, 29] . The difference between young and elderly subjects in response to both platform and visual sway-referencing on SOT condition 6 is due to both an increase in the amount of sway and a change in the coordination of sway. However, the lack of a significant difference in overall feedback gain for this condition suggests that any reweighting of visual sensory information is offset by changes in weightings for other sensors. Alternatively, a decrement in vestibular system sensitivity may not permit sufficient compensation for the diminished proprioceptive and visual input.
Hay et al. [10] suggested that deterioration of peripheral sensory systems, as well as reduced flexibility in central information processing were both responsible for postural instability in the elderly. They noted that reduced flexibility of the central information processing system was possibly a universal characteristic of aging, resulting in difficulties in integrating proprioceptive inputs to other sensory information. Balance control and weighting of sensory inputs are limited by decreased sensitivity of the peripheral systems, as well as rapid Fig. 5 . Discriminant analysis of the relative contribution of each of u 1 , u 2 and h to the overall separation of the data comparing young and elderly subjects. All discriminant vectors are scaled to unit length to facilitate comparison. Each of the multivariate descriptors has varying proportions among the six SOT conditions, indicating relative changes in the coordination of postural control that would not be represented by a single measure of sway. Fig. 6 . Postural control gain indicators of ankle and hip joint torque responses to movement at the ankle and hip, computed by a regression of joint torques with joint kinematics. Ankle or hip joint torque responses to shank or hip motion were significantly increased with age only for SOT condition 3. The gain of univariate measures (E), COP/COM, was also significantly increased for the older age group for SOT condition 3 only (P =0.01). Joint torque responses were normalized by subject and body weights and are thus dimensionless.
reorganization of the hierarchy among sensory inputs. Confronted with degradation of inputs and processing, the elderly place increased emphasis upon vision for compensatory balance control. If the sensory environment becomes more challenging, such as with support surface sway-referencing, visual information is increasingly relied upon. If the visual cues are accurate, elderly subjects may show an increase in the amount of sway, but not necessarily a change in postural control strategy. When an additional sensory conflict is introduced, such as absent or inaccurate vision, greater processing time is required and the individual will become even more destabilized. Adjusting the hierarchy of sensory inputs may not be sufficient to compensate for diminished proprioceptive sensation.
Our conclusions are constrained by limitations in our study. Overall feedback gains are best-derived using high bandwidth perturbations to the joints along with system identification techniques, and are best characterized by a frequency response. Our estimates were derived from spontaneous postural sway, due to limitations in the ability to perturb the joints during quiet standing. The SOT also is limited in its ability to reduce sensory information. Moreover, covariance ellipses provide limited information about relative timing of joint motion and time delays in propagation and pro-cessing of neural signals. More information about timing could be obtained through more sophisticated methods of analyzing multijoint movement, such as cross-correlations [31] , principal component analysis [32, 33] , and system identification. In addition, we have also neglected to measure motion of the knees and neck, and have assumed the trunk to be rigid. However, we believe that the use of system identification techniques and more measurements would not alter our main findings. Finally, we note that the control systems paradigm (Fig. 1) may not be an adequate representation of actual posture control, and that it may not be appropriate for describing all age-related changes that could occur in the CNS.
Our results suggest that noise-like effects result in increased sway, and that the contributions of somatosensory, visual, and vestibular information to postural control are re-weighted with healthy aging. Re-weighting is indicated by coordinative changes that varied with sensory condition, and may affect ability to perceive spatial orientation. The slight increase in joint torque in response to joint motion with aging (in some conditions) suggests that there is a modest compensatory change in the feedback response to perceived motion as well, but not of sufficient magnitude to explain the large differences in sway amplitude and coordination. The changes in sensory processing for motion perception with aging, best revealed by multivariate measures, imply an increased reliance on visual inputs, possibly to compensate for changes in proprioceptive and/or vestibular input. But this re-weighting cannot fully compensate for stochastic, noise-like effects, which lead to increased sway, and increased reliance in visual input will obviously be detrimental when visual cues are reduced or incorrect. More complete understanding of these age-related changes aging may aid efforts to develop rehabilitation methods for improvement of postural control, and identification of specific deficits for persons with multifactorial dysequilibrium of aging.
